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I 
摘  要 
逆变技术作为四大变流技术之一，被广泛应用在生产和生活各个方面。随
着太阳能、风能和生物能为代表的新能源快速开发和推广利用，人们对电能质
量的要求不断提高，对逆变技术的性能指标也提出了更高的要求。因此，提高
逆变控制的电流跟踪精度，减少谐波，具有重要的意义。 
本文以三相两电平电压型逆变器为研究对象，以电感和电阻作为等效负载，
展开逆变器电流跟踪控制的研究。通过分析逆变桥臂的电流换流规律，提出了
死区等效电压矢量的概念，并推导出其数学模型方程。在传统的有限集模型预
测控制（Finite Control-Set Model Predictive Control，FCS-MPC）方法的基础上，
引入死区等效电压矢量及其控制方法，使得原本每个控制周期单电压矢量输出
变为双电压矢量的最优合成输出，将原本不可控的死区状态变为柔性可控的、
有利于提高逆变精度的有效电压矢量，从而大幅提高了逆变控制精度及其性能。
仿真和实验结果均表明，在本文所提出的控制算法作用下，电流跟踪均方差值
和总谐波畸变率均明显减少。研究的主要内容分下几点展开： 
（1）对传统的逆变控制方法进行了研究分析，尤其是 FCS-MPC 控制方法
的优缺点及研究现状。 
（2）提出了死区等效电压矢量的概念并推导了其数学模型方程。根据死区
自然换流时，二极管的钳位电压值与某一开关管导通时输出电压相等的规律，
提出死区等效电压矢量的概念，并通过组合逻辑的方法，研究死区等效电压矢
量与三相电流方向、死区状态和开关切换前后开关状态等因素之间的关系，推
导出相应的模型方程，为后续死区等效电压矢量的控制方法奠定理论基础。 
（3）设计了死区等效电压矢量的控制算法。在每个周期里，分析死区状态
与下一时刻开关状态的所有可能组合，得到对应死区等效电压矢量与下一时刻
电压矢量的组合情况；并构造综合代价函数，使之更符合本文所提算法的跟踪
性能评价标准；基于综合代价函数提出最优时间分配算法，合理分配两个电压
矢量的作用时间，使得两个电压矢量合成控制后的综合代价函数值为最优；计
算所有电压矢量组合下的最优综合代价函数值，并选择其中的最小值所对应的
开关状态及相应的作用时间输出，从而通过两个电压矢量的最优合成，实现逆
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II 
变电流的高精度逆变控制；并研究算法特点，在保证控制效果的前提下，对算
法进行简化和优化，方便仿真与实验中的程序设计。 
（4）建立了仿真模型并进行了仿真分析。利用 Matlab/Simulink 工具设计
三相两电平逆变器的仿真模型，验证了死区等效电压矢量概念的正确性及适用
条件，比较分析了逆变器在传统 FCS-MPC 算法和本文提出的控制算法作用下
的电流跟踪性能，并研究不同模型参数对所提控制算法跟踪规律的影响，为后
续实验结果分析提供指导和借鉴。 
（5）搭建了实验平台，编写了 FPGA 控制程序。基于 LabVIEW FPGA 搭
建三相两电平电压型逆变器实验平台，并进行软件程序设计，实现了硬件级的
高速并行计算，在 2μs 以内完成每个控制周期的相关运算。分析实验波形和相
关数据，相比于传统 FCS-MPC 算法，本文提出的控制算法可以有效地改善逆
变电流的跟踪性能，从而进一步验证了本文所提算法的有效性及可行性。 
 
关键词：逆变技术；模型预测控制；死区；并行计算 
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Abstract 
Power inverter control, as one of the four power electronic transformation 
technologies, is widely used in industrial production and social life. Along with the 
rapid exploitation of new energy resources such as solar, wind and biomass energy, 
high quality of power is increasingly required, and the performance of the inverter 
technology is also put forward. Therefore it is of great significance to improve the 
tracking accuracy and reduce the current harmonics of the inverter control. 
This paper took the three-phase two-level voltage-source inverter as the 
research object besides inductance and resistance as the equivalent load, launched 
the research on current tracking control of inverter. The concept of dead-time state 
equivalent voltage vector was proposed by analyzing the current commutation law 
of inverter legs, and the mathematical model equation was derived. Then the concept 
and control method of dead-time state equivalent voltage vector are introduced in 
the finite control-set model predictive control, and transformed the 
single-voltage-vector output into the double-voltage-vector optimal-synthetic control, 
and made the uncontrollable dead-time flexible and controllable, dramatically 
increasing the control accuracy and performance of inverter. Simulation and 
experimental results showed that under the control algorithm proposed in this paper, 
the current tracking error and the current harmonic can be reduced significantly. The 
main contents of the study are divided into several points: 
(1) The traditional inverter control methods were analyzed, especially 
advantages, disadvantages and the present research status of FCS-MPC. 
(2) The concept of dead-time state equivalent voltage-vector is proposed and its 
mathematical model equation is derived. According to the law that the clamping 
voltage of the diode is equal to the output voltage of the MOSFET switch-on during 
natural commutation of dead-time, the concept of dead-time state equivalent 
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voltage-vector was proposed. Then studied the relationship between dead-time state 
equivalent voltage-vector and directions of three-phased currents, status of 
dead-time and switch status before or after switching by the method of 
combinational logic. Then the model equation was derived which laid a theoretical 
foundation for the follow-up control algorithm based on dead-time equivalent 
voltage-vector. 
(3) The control algorithm based on dead-time state equivalent voltage vector 
was designed. In each control period all the possible combinations of the dead-time 
status and the switch status in the next period were analyzed, and the combination of 
the corresponding dead-time state equivalent voltage-vector and the following 
voltage-vector was obtained. Then construct a integrated cost function which was 
more in line with evaluation criterion of tracking performance proposed in this paper. 
Based on the integrated cost function, optimal-time assignment algorithms was 
proposed, by the operating time of the two voltage vectors was rationally allocated, 
the integrated cost function of voltage vector synthesis control was optimal. Then 
this paper calculated the optimal integrated cost function of all voltage vectors, and 
selected the corresponding switching status and operating time to output. Through 
the optimal synthesis of two voltage-vectors, the high-precision control of the 
inverter current was realized. On the precondition of assuring control effect, the 
algorithm was simplified and improved, and it was in favor of the programming in 
both simulation and experiment. 
(4) Established a simulation model and the simulation analysis were done. 
Matlab/Simulink was used to design the simulation model of three-phase two-level 
inverter, and the correctness and the applicable conditions of the dead-time state 
equivalent voltage-vector were verified. then the current tracking performance of the 
inverter in the traditional FCS-MPC algorithm and the control algorithm proposed in 
this paper were compared and analyzed. Then the influence of different parameters 
on the tracking law of the proposed control algorithm was studied, which provided 
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guidance and reference for the following analysis of the experimental. 
(5) Set up the experimental platform and designed the FPGA control program. 
Based on LABVIEW FPGA built the experimental platform of three-phase two-level 
voltage-source inverter, and designed the FPGA control program. Hardware-level 
high-speed parallel computation was realized thus the total calculation time is less 
than 2μs. By comparing with the traditional FCS-MPC algorithm, the tracking 
performance of the proposed control algorithm can be effectively improved, 
therefore the validity and feasibility of algorithm in this paper are further verified. 
 
Keywords: Inverter Technology; Model Predictive Control; Dead-time; Parallel 
Computation 
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